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Specification 

1. Title of the Invention 

Calibration phantom for quantitative computer tomographic 
system for bone mineral measurement 

2 . What is claimed is 

1. A calibration phantom for quantitative computer 
tomographic (QCT) system for bone mineral measurement having 
a series of graded reference solutions having X-ray attenuation 
characteristics extremely close to human tissue held in a void 
space formed of a translucent member directly contacting with 
a material forming a phantom base, wherein the void space is 
disposed extremely close to the upper and lower surfaces of the 
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phantom so as to minimize the size and mass of the phantom, 
reinforce and disperse the X-ray beams, and minimize the 
artifact of the image, said calibration phantom comprising: 

a crescent base generally formed of a strong material having 
X-ray attenuation characteristics with a CT number in a range 
of 16 to 33H units so as to be extremely close to the human 
muscular tissue, 

a plurality of longitudinal voice spaces formed in the base, 

a series of reference solutions at graded concentrations 
held in the void spaces having X-ray attenuation 
characteristics extremely close to the human bone, having the 
solutions contacting directly with the base material, with the 
upper and lower surfaces of the base extremely close to the 
reference solutions having a thickness of base material of about 
3 mm between reference solutions held between the upper surface 
and lower surface of the base, and 

a plug for applying a pressure in the order of 100 psi to 
the liquid and sealing the opening for pouring the solution in 
the void space, 

wherein the base material is a material highly advanced in 
stability so as to have a permeability extremely close to that 
of water or gas so that gas may not apparently escape from the 
material to the liquid contained in the capsule, and that the 
base material may not allow any entry or discharge of gas or 
liquid in the reference solution. 
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2. The calibration phantom of claim 1, wherein the base 
is made of an urethane material. 

3. The calibration phantom of claim 1, wherein the base 
is formed of a material having a CT number in a range of about 
12 to 33H units 

4. A calibration phantom for CT system disposed extremely 
close to the upper and lower surfaces of the phantom so that 
the outer surfaces of a plurality of calibration reference 
elements may reinforce and disperse the size and mass of the 
phantom and X-ray beams, and minimize the artifact of the image, 
said calibration phantom comprising: 

an upper surface including a base formed of a strong 
material having X-ray attenuation characteristics extremely 
close to the human muscle and having an extremely low 
permeability to water and gas, said base member placed close 
to the patient, 

a plurality of longitudinal voice spaces formed of the base 
having a closed end and an open sealable end, 

a series of graded reference solutions held in the void 
spaces having X-ray attenuation characteristics extremely 
close to the human bone or tissue, 

a wall against void space walls disposed at the upper and 
lower surfaces of the base having a minimum thickness for 
reinforcing and dispersing X-ray beams and minimizing the 
artifact of the image, and 
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a plug for applying a proper pressure to the solution 
enclosed by the capsule and sealing the open end of the void 
space . 

5. A calibration reference phantom for CT system wherein 
a calibration reference solution is placed in direct contact 
with a material for forming a phantom base, and the phantom base 
is formed of a material having X-ray attenuation 
characteristics corresponding to the human tissue so as to 
minimize the artifact of the image, said calibration phantom 
comprising : 

a base formed of a strong material having X-ray attenuation 
characteristics extremely close to the human muscle and having 
an extremely low permeability to water and gas, 

a plurality of longitudinal voice spaces formed in the base 
material so that the wall of the void spaces may be made of the 
base material, said void space having a closed end and an open 
sealable end, and 

a series of graded reference solutions held in the void 
spaces so that the solution may directly contact with the base 
material, 

wherein said reference solution has X-ray attenuation 
characteristics corresponding to the human bone or tissue so 
that the X-ray beam of CT scanner may permeate only through the 
material having X-ray attenuation characteristics 
corresponding to the human tissue or through the reference 
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solution, thereby reinforcing and dispersing the X-ray beam and 
minimizing the artifact. 

6. The calibration phantom of claim 5, wherein said base 
is made of urethane . 

7 . The calibration phantom of claim 5, wherein the urethane 
material of extremely low permeability to water and gas is 
formed by reactive injection molding from a mixture of fatty 
acid isocyanate and polyether resin. 

8. The calibration phantom of any one of claims 5 to 7, 
wherein the open end of the void space is threaded so as to be 
engaged with the threads corresponding to the sealing plug, and 

an O-ring placed between the plug wall and the void space 
wall maintains a tight sealing to flow-in and flow-out of liquid 
and gas. 

9. The calibration phantom of any one of claims 5 to 7, 
wherein the open end of the void space is threaded so as to be 
engaged with the threads corresponding to. the sealing plug, and 
the plug has an annular groove and an Oaring held in the groove 
so that the O-ring may form sealing between the plug and void 
space wall so as to maintain a tight sealing to flow-in and 
flow-out of liquid and gas. 

10. The calibration phantom of any one of claims 5 to 7, 
wherein the open end of the void space is threaded so as to be 
engaged with the threads corresponding to the sealing plug, the 
plug has an abutting portion placed parallel to an opening of 
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the void space having a groove formed in the plug and an 0- 
ring placed therein, a fluid is maintained by the pressure 
applied when the plug is driven into the void space opening, 
and a pressure is applied to sealing of the O-ring so as to 
present a tight sealing to flow-in and flow-out of liquid and 
gas into and from the reference solution held in the void space, 
and is applied simultaneously to the fluid. 

11. A method of manufacturing a calibration phantom for 
CT system comprising: 

a step of forming a phantom base from a strong material 
having X-ray attenuation characteristics extremely close to the 
human muscle and having an extremely low permeability to water 
and gas, and forming a plurality of longitudinal void spaces 
in the form base in this forming process, 

a step of filling one or more void spaces with a reference 
solution having different X-ray characteristics corresponding 
to the human bone or tissue density, and 

a step of sealing each open end of the void spaces so as 
to impede flow-out of the reference solution from the void 
spaces and flow-in of gas into the solution, 

wherein the X-ray passes only through the material having 
the X-ray attenuation characteristics corresponding to the 
human bone or tissue. 

12. The method of manufacturing a phantom of claim 11, 
further including a step of removing gas from the solution 
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before the open ends of the void spaces are sealed. 

13. The method of manufacturing a phantom of claim 11, 
further including a step of maintaining the reference solution 
by the pressure after a pressure is applied to the reference 
solution at least in one void space and the void space is sealed. 

14. A calibration phantom for CT system having a minimum 
limit of X-ray beam reinforcement and dispersion and artifact 
of image, wherein the outside surface of a plurality of 
calibration reference elements is placed close to the upper and 
lower surfaces of the phantom, said calibration . phantom 
comprising: 

an upper surface including a base formed of a strong 
material having X-ray attenuation characteristics extremely 
close to the human muscle and having an extremely low 
permeability to water and gas, said base member placed close 
to the patient, and 

a series of graded reference elements integrated with the 
base having X-ray attenuation characteristics corresponding to 
the human bone or tissue. 

4 . Brief Description of the Drawings 

Fig. 1 is a front view of a computer tomographic system 
showing a calibration phantom at specified position. 

Fig. 2 is a perspective exploded view showing installation 
of void space plug on the phantom base. 
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Fig. 3 is a sectional view cut along line 3-3 in Fig. 2 
showing of calibration phantom with reference solution. 

Fig. 4 is a sectional view cut along line 4-4 showing 
reference void space having a circular sectional shape. 

Fig. 5 is a sectional view of other embodiment of 
calibration phantom showing reference void space having a 
generally square sectional shape. 

Fig. 6 is a perspective view showing vacuum pump and bell 
jar for removing gas from reference solution in manufacturing 
process of calibration phantom. 

Fig. 7 is a typical axis sectional tomographic picture 
presented by CT scan. 

Fig. 8 is a sectional view of one embodiment of a plug used 
for sealing the reference void space of the phantom base. 

Fig. 9 is a sectional view of a second embodiment of sealing 
plug used for sealing the reference void space of the phantom 
base. 

In the drawings, 1: CT scanner, 11: phantom, 12: bench, 14: 
movable table, 15: bench opening, 20, 21, and 22: cushion, 25: 
base, 26,27, 28, 29, and 30: void space, 35 and 36: metal bar, 
41: opening end, 43: sealing member, 44: opening, 45: reference 
solution, 50: gas vent chamber, 51: bell jar, 55: O-ring, 56: 
annular groove, 57: driving plug, 60: O-ring, 62: plug, 70, 71, 
72, 73, and 74: void space, and 80, 81, 82, and 83: reference 
element of phantom. 
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